A device has already been described ~ for rapid and eft]dent dialysis of fluids placed in collodion bags. This device has been improved in several ways and may now be used not only to remove salts, sugars and other small molecules but also to concentrate simultaneously the remaining fluid to a small volume while keeping it at a low temperature and sterile. The improved dialyzer will be described below. It will concentrate a liter of an aqueous solution (such as whey or urine) to a few cubic centimeters (or complete dr)mess if desired) in 3 to 4 hours and, at the same time, remove the dialyzable materials, such as salts, sugars, etc. The apparatus is not intended to supplant devices for electrodiMysis such as those designed by Bronfenbrenner and others, but to be used where electrodialysis is not desirable or not necessary.
Description of the Dialyzer
In the new dialyzer the fluid is contained in collodion bags at atmospheric pressure while cold water is passed around the bags under negative pressure, and the apparatus is kept rocking. The rocking accelerates the dialysis by agitating the fluid. It also distributes the fluid over the whole surface of the membrane. In this way the outward passage of water is independent of the volume of fluid almost to the end.
In Fig. 1 will be seen a perspective view of the dialyzer connected up for use. It consists of a 32 by 7 inch rocking board (with 2 by 7 inch pieces on the ends) which is supported above a 17 by 34 inch baseboard by 9½ by 2½ inch supports. Two heavy screws, 7 inches above the baseboard, serve as a pivot for the rocking board while a windshield scraper keeps it in motion.
Fifteen pyrex glass cells are fastened on the rocking, board. In these cells are l Kunitz, M., and Simms, H. S., J. Gen. Physiol., 1928, 11,641 . 
FIG. 2. Details of a cell and reservoir
The water (or salt solution) used for the "outside fluid" in dialyzing is placed in bottles on the floor and is sucked up, through an ice bath, into the apparatus where it passes first through the flow indicator and then successively through the 15 cells. The water then passes to a vacuum regulator and to a water suction pump. The vacuum regulator allows air to enter the system when the suction is too high. The ice bath keeps the dialyzed fluid below 10°C. For better cooling towels may be placed over the cells.
Making the Collodion Bags
The method of making and testing the collodion bags is so important to the proper functioning of the apparatus that the technique is described in detail.
get.ire
Fro. 4. Bag Tester. The air escape is gradually dosed to increase the pressure in the bag. The cylinder of water is raised to immerse the bag.
The collodion bags should stand a test pressure of 70 cm. of mercury without leaking or breaking, and be so uniformly permeable that when filled with water and subjected to a 30 cm. pressure, the outside will immediately be completely covered with beads of water which has been forced through.
The membranes are made in pyrex test tubes 175 ram. long and 19 ram. inside diameter (each tube should be measured). 10 cc. of Merck's collodion is placed in a tube and the tube is turned three times by hand to wet the whole surface. It is then placed in a machine (see Fig. 3 ) which rotates it in nearly a horizontal position 15 times a minute for 10 minutes. 2 The angle of the test tubes in the machine is such that the mouth is ~t inch higher than the dosed end.
The rotation is then continued 10 minutes longer while air is blown through a glass tube inserted about half the length of the test tube. The pressure and volume of air are so regulated that there is a pressure of about 1 cm. of glycerine at a point beyond which the air must pass through 36 inches of rubber and glass tubing with a 3 ram. inside diameter. The blowing tube should not be constricted at the end, to form a nozzle; on the contrary it is better to flare it slightly, but this is not necessary.
The tubes containing the membranes, thus made, are then removed, fiUed with water and allowed to stand 15 minutes before the bags are taken out. Each bag is then trimmed, placed tight on a No. 2 one-hole rubber stopper, and fastened with a No. 8 rubber band, which is wound around it about four times.
The bags are next tested with the device shown in Fig. 4 . It is connected up with an air pressure system and the screw-lamp on the escape tube is closed until the desired pressure is obtained in the bag, as indicated by the mercury manometer. The pressure should be increased very slowly. When it is seen that the bag does not break (at say 60 cm. of mercury) a cylinder of water is brought up around the bag until the latter is completely immersed. Small holes will be shown by a stream of bubbles.
The bags are then filled with 60 per cent alcohol and stoppered with pieces of glass rod, tapered at one end and flattened like a nail head at the other. If the bags are to be used the same day they are immersed in distilled water until required. If they are not to be used until the next day they may be immersed in 60 per cent alcohol overnight and placed in water the next morning. For best results they should be used within 24 hours but they can be kept for two or three days if necessary.
Use of the Dialyzer
The bags are emptied by removing the plugs ard repeatedly inverting them, to allow air to enter. Squeezing should be avoided. A second rubber band is then placed on each bag and the fluid to be dialyzed may be introduced with a pipette stuck into the hole of the stopper. Air is removed a little at a time by sucking on the pipette and then allowing the fluid to flow in. When a large number of bags are to be filled it is easier to siphon the fluid into the bags using a glass tip of about 2 mm. outside diameter pushed far enough through the stopper to allow the escape of air.
The Pyrex reservoir bulbs are sterilized in an autoclave, a plug of cotton having been placed in the upper end. They are inserted in two-hole, No. 6 rubber stoppers and then filled like a pipette after inserting the tip in a short piece of rubber tubing attached to a glass tube projecting into a flask of the fluid.
After both a bag and a bulb are filled (preferably by different people) the two are joined and inserted in a cell of the dialyzer which contains a little water. When all the cells are thus filled the rubber connections are made and the suction is turned on to slightly more than the desired vacuum. Adjustment is made by means of the regulator to a negative pressure of about 30 to 40 cm. of mercury. A pinch-cock between the water bath and flow indicator regulates the flow of water to about 8 cc. per minute per bag. In the flow indicator the water squirts upward at an angle and gives an approximate idea of the rate of flow.
When the cells are full of water, and everything is adjusted, the windshield scraper is turned on at about 10 cycles a minute, rocking from about 45 ° forward to 45 ° backward. This is continued until the fluid inside the bags is sufficiently concentrated.
The apparatus with 15 cells will hold about 650 cc. of fluid if only the bags are filled and should con~centrate this to a thick syrup in 1 to 2 hours. If the reservoirs are also filled over a liter of fluid may be handled at once and require 3 to 4 hours. Additional fluid may be placed in the reservoirs during operation. No aqueous solution should require over 6 hours unless it contains material which clogs the collodion membranes.
Concentration may easily be continued to complete dryness but it is best to stop before the removal of fluid from the bags becomes too difficult. When it is desired to remove one or more bags (or if a bag should break) pinch-clamps are placed on the water tubing on both ends of the dialyzer and the desired changes are made. The concentrated fluid may be removed by inserting the tip of a pipette in the stopper of each bag and sucking until the bag is collapsed. With the technique used the fluid may be kept sterile throughout the dialysis. SI/~M~.RY An apparatus is described for dialyzing aqueous solutions and simultaneously concentrating them to a thick syrup, or even to dryness.
